Lo 1<

sy

APPucAnéN‘ OF THE DECONTAMINATION
AND DOSE CONTROL MODEL
TO AN INDUSTRIAL COMPLEX

‘Pregared for:

OFFICE OF CiVIL DEFEMSE
QFFICE OF THE SECRETARY OF THE ARMY
VASHINGTON DC. 20310

CONTRACT DAHC20-70-C-0294
OCD Work Unit 3231D

- Ths document has been 2poroved for pubhc release and sale, its distnibutionas unl.mited.

STANFORD RESEARCH INSTITUTE
Menio Park, California 94025 - U.S.A.

Wl

AN e LEar 4

Fra




o we o

- Farad Eepor:' _ July 1970

Detactadie Svenmary

APPLICATION CF THE DECONTAMINATION.
AND ‘DOSE CONTROL MODEL

19 AN INDUSTRIAL COMPLEX

By: vi. LEIGH GWEN

Prepared for:

OFFICE OF CIVIL DEFENSE L
‘OFFICE OF THE SECRETARY OF THE ARMY

WASHINGTON, D.C. 20310

CONTRACT DAHC20-70-C-0294 i
0CD Work Unit 3231D

SRI Project EGU-8348
This document has bien approved for public-retease and sale; its distribution iswnlimited,

OCD"REVIEW\NOTICE

This report has been reviewed in:the Office of Civil Defense aid approved for publication. Approval
does not signify that the cofitents necessarily reflect the views and policies of the Office of Civil Defense.




=y,

DETICEARLY. SOBURY

Tuis study deser:hes the application of a previously developed
decontacination arnd dose control model to the problem of plunning and
scheduling the radiological recovery of a representative critical
industrial installatjon, i.e,., a steam power plant. The purpose of this
study was to determine the magnitude of recovery cperations and the
related pianning factors generated by the model under varied radiological

conditions.

The model application has shown that the Hunters Point power plant
can. be successfully recovered and operated, whea subjected tc a broad
range of fallout dose rates and fallout nass loadings, without exceedingq
the total number of men currently employed. Seventy men can decontaminate
13 acres of roofs and grounds in 4 to 6 hours. On completion of decon-
tamination a2t the end of 14 days, all plant personnel are free to resume
tneir reguler duties--providing no more than about 6 hours per day are
spent outside of the major structural complex the first month z2fter
attack, Without a decontamination effort, denial -tumes would range from

1 month to over 3 months.

Although the power plant can stay on line with as few as 5 opera-
tors on duty, 10 times as many people are required to distribute the
exposure dose and to man the minimum decontamination effort. Thus 50 men
can operate and recover the plant if the standard dose rate does not go
higher than 18,000 r/hr. A 70-man complement is required when standard
dose rates reach 27,000 r/hr, and 100 men are needed for standard dose
rates in excess of 30,000 r/hr, With this samz number of men the plant
can operate o: a normal cycle of three 8-~hour shifts until the stancdard

dose rate evuceeds 6000 r/hr,
S-1




In gencr=l, the pert:aent m=odel pararveters terded to increase ‘it
stancard dose rate. Exceptions include totzl dose DT’ conserved drse
nb’ and the cost-to-effectiveness ratio Dc/bT, whick all remarned rala-
tively constant. The last value indiczfes that vleont persopnel woz 4
accumulate about 80 percent of the tofal dose 2ilrwed the first —onth
after attack. Comparison of the variocus mwdel paraseters obtained in
this study with those given in Bef. 2 shows that the unit costs fsr
recovering the pcwer plant are greater than those found {for recovering
the shopping center. Since this difference can be attributed te the fact
that power plant recovery cannot de greatly improved through the use of

mechanized methods, it is consiuzred more difficult to recover than the

shopping center.

It is recommended that the deccntamination and dose control model
be applied to still other essential sites and installations. Fo; instance,
the thin-shelled buildings characteristic of canneries, szlt works, sad
sugar refineries would present a recovery problem very different from
more heavily shielded structures like~powér plants. Such a study would

provide -additional information for determining the effects of target con-

figurdtion and structural properties on recovery planning and scheduling.

oy
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ABSTRACT

- The deveélopment by Stanford Research Institute of s Decontamination
ard Dose Control (D/DC) Model has previded a systematic method for plan-
ning and evaluating the radiological recovery of contaminated sites and
facilities. The output of fhg_D/DC model is highly dependent on promi-
nent physical characteristics of the target comylex. To obtain informa-
tion on the effects of target configuration on recodery planning and
scheduling, the D/DC model was applied to the recovery of a steam power
plant.

The model application showed that this specific plant can be success-
fully recovered and operated when exposed to a wide range of fallout con-
ditions without having to hire any additional help. A complement of 70 men
can run the plant and participate in its decontamination if standard dose

rates do not exceed 27,000 r/hr,

Comparison of the various model parameters derived in this study
with those obtained from a similar application of the D/DC model to a
shopping center indicates that the unit costs for recovering the power

plant are consistently higher,
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I INTRODUCTIGN

The developmepnt hy Stanford Research Institute of a Decontamination
and Dose Control {(D/0C) Mcdellrzf has provided a systematic method for
planning and_evaluating the radiological recovery of essential .contami-
nated facilities. The D/DC model system has been satisfactorily tested
for the recovery of a regionai shopping center exposed. to specific fall-
out conditions.*¥ The results are applicable to regional shopping centers
in general, particularly to those considered useful as multiple staging

areas..

The output of the D/DC model or comparable recovéry planning method-
ology is highly dependent on prominent physical charagteristics of the
target compleg itself, aside from the fallout effects. For instance,
earlier radiological evaluations of a refinery complex and a housing
complex subjected to similar fallout conditions resulted in very different
estimated recovery requirements, plans, and procedures. Therefore, the
findings from the shopping center example are considered to apply only te
target complexes having structural configurations that resemble those

usually exhibited by regional shopping centers.

To detérmine effects of target configurations on recovery planning
and scheduling, it was necessary to exercise the D/DC model against a
variety of target complexes. One class important to national survival
includes complexes belonging to critical industrial sectors, This report

describes the application of the model routines to a steam power plant.

t Superscripts denote references listed at the end of the report.
¥ The detailed description of this sample application is given in Ref. 2.
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Objective

The objective of this research is to determine the magnitude of the
operational-recovery planning factors generated by the SRI D/DC Model
when applied to a representative critical industrial complex under con-

ditions requiring radiological decontamination.

Background and Apprcach

The D/DC model is a preplanning tool for estimating ‘the cost and
effectiveness of the récovery operations required for the removal of
fallout from essential installations and sites. It takes into account
physical and radiological conditions, as well as available resources and
decontamination method performance, and schedules the allocation of people,
equipment, exposure dose, and time required for the radiological recovery
(Rad/Rec) of a given target complex. This is illustratad by the flow

diagram in Figure 1.

The principal inputs furnish the operational and environmental
starting conditions required by the procedural planning subsystem.
Table 1 briefly outlines the principal inputs discussed previously in
Ref. 1, which contains the bulk of the model's computational machinery
for converting the input information into the desired model output forms.
Figure 2 gives a more detailed description of the procedural planning
subsystem in terms of the two submodels and 12 computational routines

employed to obtain the central output, i.e., Rad/Rec plans and procedures.

The following sections of this report describe the applacation of
the D/DC and its computational routines to the Rad/Rec of a power plant.
The model inputs are defined, the computations are carried out, and, as
indicated in Figure 1, the results are assessed in terms of pertinent

cost and effectiveness measures., All the equations and curves required

[ ]
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Table 1

PRINCIPAL INPUTS TO THE PROCEDURAL PLANNING SUBSYSTEM

Environmental inputs

Target description--geometrical and structural

‘Fallout effects--parameters affecting the radiological situation

Weathering effects--redistribution of fallout particles

Operational inputs

Decontamination capabilities-~-recovery effectiveness versus effort
requirenents

. Dose control criteria--ERDT concepts and dose limits

Surviving resources--human and material

Auxiliary inputs .
i

Prettack preparations--as affecting both fallout environment and
decontamination operaticrs

Decontamination priorities for target complex units and selected sites

Shelter exit timeg uwr shelter stay time intervals

t Equivalent Residual Dose.

‘_&mll_
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ENVIRONMENTAL INPUTS
target gescription
falicul etfects

weathering effects ’

AUXILIARY INPUTS
preatiack przparations
complex 1ecovery priofities
shefter exit times

" OPE RATIONAL INPUTS

dose control criteria
WVIVING (2I0UTOnS

!

|

SUBMODELS

TARGET
ANALYSIS

CATALOG TARGET COMPONENTS
AND-SURFACES ACCORDING TO

STRUCTURAL FEATURES

CALCULATE BASIC CONTRIBUTION
FACTORS

CALCULATE TARGET ATTENUATION
FACTORS AND POSTSHELTER
RESIDUAL NUMBERS

LOCATION AND GEOMETRICAL AND [

——— e e ] - e —— s e G e e RAD/REC REQUIRED = = e v e e e e e e e e e

DECONTAMINATION
SCHEDULING

COMPILE USEFUL MATERIAL
RESOURCES AND COMPILE HUMAN
RESOURCES ACCORDING TO

SHELTER DISTRIBUTION

CALCULATE NEW POSTSHELTER
@ RESIDUAL NUMBERS AND

Compare and Balance

SELECT EFFECTIVENESS VALUES FOR
METHOD-SURFACE COMBINATIONS

TARGET EFFECTIVENESS

RNg {effective}

CALCULATE DOSE AVAILABLE

Fic. PQ. Ot', and

FOR DECONTAMINATION

CALCULATE EFFORY, WORK PERIODS,

) CALCULATE RES!DUAL NUMBERS
FOR DECONTAMINATION CREWS

Operational Sequence

RN2

START TIMES, AND SEQUENCE

1

CALCULATE DOSE ACCRUED AND

MANPOWER REQUIREMENTS

CENTRAL QUTPUT OF
D/DC MODEL

RAD/REC PROCEDURES

'FIGURE 2

Equipment and supply allocstions
Personnel assignments

Operational sequence and timing
Operator and team dosagas

PROCEDURAL PLANNING

SUBSYSTEM




to implement the model are contained in Ref. 2.? Because frequent
reference will be made to these aids and associated techniques, it is
recommended that the reader obtain a copy of that document: Thus,
mathematical descriptions and explanations of model development are kept
to a minimum in this report, although a 1list of the symbols used and a
list of pertinent equations showing the relationships of the symbolized
parameters are included in Appendixes A and B, respectively. To promote
easier access, the original equation designation numbers of Ref. 2 are
retained. The stepwise model application that follows is patterned as

closely as possible after the format used in Section VI of Ref. 2.

—

1 T References 3, 4, and 5 are also recommended as sources of much of the
concepts and techniques incorporated by the D/DC model.




IT STARTING CONDITIONS

After a brief survey of candidate industrial installations in the
greater San Francisco Bayv Aréa, the Hunters Point Power Plant was selec-
ted for the model application. This plant belongs to the Sen Francisco
Division of the Pacific Gas and Electric Company. Structurally, the
Hunters Point Plant combines the two basic designs featured by power
plants in the United States today. The original plant and the 1948 addi-
tion are of the enclosed type. The 1958 addition, however, has an exposed
turbine and pedestal, Total output for all units. is ovor 600,000 kva.

Figures 3 and 4 show the plant as it exists today.

Principal Inputs

For the purpose of this application the following principal model
inputs are Qesignated in accordance with the outline given in Table 1.
It is assumed that four 5-MT weapons have been detonated 80 to 90 miles
upwind from the power plant. The prevailing wind velocityf during the

fallout event is 20 mph.

Target Description

Drawings and tables showing locations, sizes, surface characteristics,
mass thickness-.data for target components, and building elements are com-

piled in routine 1 (to foliow).

T No distinction is made between the velocity at ground surface and the
velocities aloft. Twenty mph is an average effective value applied
to all altitudes.
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Surviving Resources

Shelter distributions and available gkills, egquipment, and supplies

are compiled in routine 2 (to follow}.

Fallout Effects

From the input generated by the local fallout model,t the radio-
logical environment may be described for a 50-percent fission fraction

in terms. of the following parameters:

Standard dose rate 1° 9000 r/hr.

1!

Fallout mass loading Mo 100 g/ftz.

Particle size range (PSR)

88 to 175 u.
Arrival time ta = 3.0 hr after detonation.

Cessation time t = 5.3 hr after detonation.
c

Weathering Effects

Because of the roughness of the graveled surfaces, the migraticn
and redeposition of fallout on most of the roofs and much of the ground
areas will be negligible. It is .assumed that for some surfaces the
20-mph winds will remove a portion of the fallout. This weathering
removal effectiveness is indicated by the fraction of fallout remaining,

F. , which takes on the following values according to the surface:
Jw

Asphalt paved parking#, Fjw = 0.40,
0.60.

Bare ground surfacesi,-F_w
J

Smooth sloping roofs over boiler house A and the warehouse

¥ = 0.01.
Jw

t Based on fallout history printout for Providence, R.I., generated by
imerican Research Corporation for Five-~City Study Data Bank,
These refer to illustrations and tables in routine 1, to follow.

"
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Dese Control Criteria

The allcwuablie dose to any .one person fcr all exposure periods will

be limited to 2063 r ERD.

Decontamination Capabilities

The expected performance and effectiveness of candidate fallout

removal methods will be taken largely from Appendix 3 of Ref. 6.

Preattack Preparations

Duving the crisis buildup prior to attack, it is presumed that
certain recommended precautions have been tzken to imbrove the generzal

success of the decontamination effort as follows:

1. Only enough vehicles to evacuate plaut personnel are allowed
to remain on the grounds. These are either placed inside
buildings or provided with fitted covers to protect against

fallout.

2. Necessary equipment and supbvlies have been stored indoors or
under tarpaulins and plastic covers in readiness for the start
of decontamination {and other recovery tasks). To reduce equip-
ment set-up time further, fire hoses have been placed on build-

ing roofs.

3. Ladders or movable stairs have been placed at various locations

to enable contamination crews to gain access to the roofs.

4. Loose rravel has been swept up and removed from all roofs to
redure thé chance of plugging drains during the decontamination

process.

11
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S Siis

tecontaxination Priorities

The function of the power plant is highly essential to the survival
of the commenity and therefore has a kigh priority “or Rad/Rec wherever

it is needed.

Shelter Exir Tise -

1t £s assuzed that portions of the plant such as_th‘e control rooms
and possibly the machine shop) will be minned at all times immediately
follexing « nuclear attack. Therefcers s personnel will spend some frac-
tion of their time cutside the primary basement shelter and in the above-
ground part of the power plant, whica may be considered a secondary
shelter. Because there are no routine duties to be performed outside
the m2:in complex of adjoining buildings that cannot be postponed for many

days, 2 nominal exit time of two wecks will be used for this example.

12




117 TH{E NEED FOR RAD/REC

From the nine inputs and data sources described in Section II, the
submodels znd computational routines of the procedural planning subsystem

are exercised as described in Ref. 2. The first six routines establish

the neeé¢ for Rad Rec.

Routine 1: Target Description

A description of the power plant complex is presented in Figure 5
and Tables 2, 3, and 4. Briefly, the complex consists of three connect-
ing plants including turhine rooms, cohtroi rooms, boiler houses. shops,
and unlogding areas. An oifice and laboratory building and a pump room
adjoin the main structure. Minor buildings such as a warehouse, chlorina-
tion house, pump house., and oil house are located nearby. The immediate
area connecting all these buildings is flat and paved with asphalt and

concrete. Roof elevations in Table 2 are given with respect to this

paved reference plane.

Between the plant proper and Evans Avenue is an unpaved area con-
taining the switch yard and two large tanks of boiler fuel oijl. The
switch yard is covered with gravel and the remainder of the surface is
bare ground. The total area shown in Figure 5, bounded by Jennings

Street, Evans Avenue, and the bay shoreline, is 15.5 acres.

All =zurfaces (roof or ground level) are in good condition. With
the exception of the roof on boiler house A, all surfaces are accessible
to decontamination crews and their equipment. Nine fire hydrants are
located around the perimeter of the main buildings, and eight vertical
pipes with hose connections at each level service the building exterior.
No drainage or waste disposal problems are expected.

13
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Table 2
DESCRIFT(ON OF ROOF SURFACES

Approximate
Aerial
Elevation+t Dimensions
Components und Surfaces {feet) ‘Wt x L £’
Major structures
Built-up tar and gravel 'flat':
Boiler room 90 100 x 125
Tarbine room A 90 70 » 115
Control room A 55 35 » 260
Turbine room B 76 70 % 305
Laboratory 50 30 x 130
Pump room 22 30 X 55
Machine shop 3L 35 ¥ 90
Boiler houses 147 88 ¥ 110
Control rooms 65 35 % 11C
40 20 ¥ 110
Subtotal.
Concrete {fiat):
Turbine pedestal 26 70 % 100
Corrugated steel (gabled):
Boiler house A 115 100 x 170
10 16 X 65
Subtotal
Lesser structures
Built-up tar and gravel (flat):
Pump house 12 18 X 45
0il house - 12 18 X 20
Chlorination house 12 15 X 60
Subtotal
Sheet metal (gabied):
warehouse 13 40 X 80
Water tanks & and B 20 22 0.D,
Water tank C 35 50 0.D,
-0i1 tank A 15 120 0.D,
0il tank B 45 105 0.D.
Subtotal

Total for all structures

Surface
Area
"feet?’

102,370

12,500
8,050
11,000
21,350
3,900
1,650
3,150
9,68n
3,850
2,200

77,330

7.000

17,000
1,010

18,040
27,970
800

360
900

2,060

3,200
800
1,960
8,650
11,300

25,910
130,340

t Tor built-up tar and gravel roofs, the height of the parapet is

found by increasing the given elevation 4 feet for major structuves

and 1 foot for lesser structures.
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Table 3

DESCRIPTION OF GROUND SURFACES

Approximate
Aerial Surface
Elevation Dimensions Area
Components and Surfaces (feet) (w ft x L ft) (rt2)
Streets: asphalt 20 ¥ 1570 31,400
Parking/working areas:
asphalt irregular 99,660*
Transformer tracks:
Concrete irregular 23,570
Mliscellaneous exposed areas:
Concrete¥ 11,950
Subtotal 166,580-
Transfoermer banks: gravel
Bank No. 1 45 X 90 4,05C
Bank No., 2 30 X 110 3,300
Bank No. 3 60 x 125 8,125
4 Bank No. 4 45 x 120 5,400
Subtotal 20,875
Switch yard: gravel 20 240 X 515 12i 640t
(0] 210 X 220 46,200
Subtotal 167,840
0il storage: unpaved 20 240 X 290 49,650T
N.E. grounds: unpaved 0 irregulavx 79,400
Subtotal 129,050
Total 484,345
t
Shore line: rubble 60 X 1300 78,000

t Area of storage tauks, stacks, etc., has been subtracted.
Located under boiler houses and turbine pedestal.

i
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Table 4

STRUCTURAL COMPOSITION AND MISS THICKNESS -

OF BUILDING MEMBERS

Bujlding Member Description

Mass Thickness
fib/1e2}

Roofs
Trussed concrete deck, tar and gravel
Reinforced concrete slab, tar and gravel
Trussed corrugated. steel (bgiler house A}

Floors
Concrete slab, steel girders (operating deck)
Cpen steel grating (around all boilers)

valls
Reinforced concrete
Major structures
Lesser structures

Corrugated cement asbestos (boiler houses)
Plate glass windows

Steel roll doors

Furnace shell, tubes, and fire brick

18
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40 to 75
6

150
15

100 to 150
50 to 100

6
4
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Rovtire Z: Surviving Resources

Except for the Naval shipyard nearby, tke Hunters Point power plint
is quite isciated iusofar as expecting any imsediate aid from the gity
disaster organizations. Ordinarily the plant requires only 100 aen to
keep 1t gofing around the clock. I is assumed that sufficient manpower
for all three ‘8 hsuri shi fts has been required to report and stay in tke
hasesent shelter. This shelter saace, which is locuted under the new -
wniz, hkas 2 protecrion facter 'PFY of about 10%. 1311 100 plant personnel
are considered able bodied and avaiiable o serve on tie fallcut decon-

taxinatiop teans as required. -

Because of the small amc nf of paved surfage surrounding the buildings,

it is not anticipated that the use of mechanized street sweepers or street
flushers will be made available to the peser plant Trecovery operation.
Therefore, firzshosing will be used on all surfaces. The water system IS
morge than ample. having wo 1,000 gal/min puups to boost the presstre.

If the city mains fail Guring attack, water may be drawn from the bay.

The preattack accumulation of sufficient fire Lose and nozzles is not
considered to e a proolem. Yo other decontamination supplies or eguip-

rent a.e required other than a pickup truck snd soxe spare fuel for

haulinyg fiose.

fiutine 3: Contribution Factors

Following the stepwise computational sequence described in Sec-
tion IIT of Ref. 2, dcse rate contribdutions are calctlated to selected
receiver locations in the complex. Table 5 presents the total contribu-
tion factor Cj for each location and the fractional values attributed to
roofs, grounds, and skyshine components. 1In Figure 35, location 1 is
taken as a typical outdoor location and location 2 represents a central
indo~ =~ reference point. The respective contribution Tacters for these

ta locations arz reserved for application to routine 5.
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Roatsre 3:  Shelter Adequacy

The: foregoing mwodel inputs amt routines permit the determination
. oI sheller adequacy. Before Eq- (25) of Ref. 2% is solved and the
resiulis ore cozmpared with the available PFs, two quan:ities must Le found.
According to Eq. 21% of Bef. 2, tne effective (fallout) arrival time

p-3$

t’ = 0.6 .3.0% + 0.4 ,5.3) = 3.92 hr (after detonation),
3 -

amd the corresponiding dose rate multiplier is anné’: 1.075. Supstitut-
ing inte Eq. (25} of Ret. 2, the mininmum PF required is

PF 2 0.007 {9000) {3.03 ~ 1,075) = 123.

By cutting bach or less important plant operations and -utilizing super-
visory, office, and laboratory personrel, the average work sﬁiit for
eszential jobs can be reduced to about six hours or less. This means
that, in general, pecople spend about one-~fourth cf their time on the job

and three-fourths in the primary shelter. Bezause the latter is a nearly

perfect shelter with a PF of 104, the effective PF will be a function of
z the dose rate contribution factor existing in work areas. Taking Cj =

0.0392 frem Table 5 for location 2 in control room A as the contribution

factor for a typical indoor work arsa, the effective PF, according to

Eq. (20 of Ref. 2, becomes

=

1.33 - 1s
PF = 3/4 (0.0392) ~ y

tince this is greater than the above calculated minimum, the ¢r—hined

primary and sccondary shelter system is adequate.

¥ Reference 2. equaticns are listed in Appendix B,

W
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Routine 5: Postshelter Residual Number, RK3

haeimld K

[T * Nt

According to Eq. (27) of Ref. 2, the target atienuatior factor

b

equals the total contribution factor for the outdoor reference location.
Froa Table 5 this iz traken as equal to the value of Cj given for asuzdeor)

location 1. Thus, the target attenuatior factor is
A, = 0.73
J
From Eq. (29) of Ref. 2, the average weathering effectiveness is

F.C. (rooi} + F C  (ground)
J J J 3

ey

jw ¢ (location s
J

The ronf coantribution is negligible. The ground contribution is made up
of two comporents, 0.65 from paved surfaces and 0,061 from bare ground

surfaces. Therefore,

- _ 0.4 (0.65) + 0.6 (0.064)
jw ’ 0.73 ‘

Q0.41.

The postshelter residual number as defined by Eq. (28) of I'~f, 2 is

RN!«-—‘-F_ ;_
3 Jw 3

u

0.41 (0.73)

0.30.

The facility attenuation factor is set equal to the ratio of the indoor

to outdoor contribution factors [see Eq. (31) of Ref. 2], thus

w
0

0.039//0.'73

0,053
23




Finallv | ac offective residual nucber :s obtained from ar altered form
of Fg. 32 of Ref. 2 » ¥here 3t 15 assumed thiat werkers spend ar averagze
w8 aheat s kears a day or ooe goarter of their time outside and threo

FIarters 1o sec-ndary sheiter.

= [3 w033 & 1}

B-stime 61 Tezal Dose

Tz Eefal dese te personrnel in the absence of decontaminzrtion ecuals
tre zam of the shalter and nestshelfer doses. 7The latter dose is obtaired

fr.— Eq. 23" »f Ref. 2.

B = EX' I" lpenm D -
3 % 3 = e

= 0.087 9300’ -3.421 - 3.212)

= 142 r.
wheore 3.123% equals 5® at one month and 3.212 equals Dlt‘.:e at a sheiter
ex3t time of 13 days. The skelter dose as dorived from Eq. 24) of Ref. 2

p 52

I° ne,

= === 960’ 3.242 ~ 1.675)
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Y

wvhere

2D = DR -~ DR

4

=
¥or this same Lime period of one month, the allewable dose P = 270 r.

Therefore, decontanination is reguired.
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™

IV PLANNING AND SCHEDULING RAD/REC

Now that the need for decontamination is indicated, the remaining
computational routines of the procedural planning subsystem must be
performed tc produce the desired model output. The sample calculations

continue bclow.

Routine 7¢ New Postshelter Residual Number

The requirement for Rad/Kec impiies that the postshelter residual
number obtained in routine 5 was too large. Therefore, a trial estimate

must be made by using Eqs. (37) and (42) of Ref. 2. Thus,

. 270 - 220
9000 (3.424 - 3.242)

RN (t)

0.030,

where the value of D: = 220 and ADRBi3 is the same as in routine 6. Sub-

stituting this result into Eq. (42) gives:

. .4 (0.030)
0.73 [3 (0.053) + 1]

Fs(c) =

lI

F_(t) 0.142,
J

where Eq. (42) has been alteired to correspond to the changes made in

Eq. (32) for routine 5.

27
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Routine 8: Decontamination Effectiveness

Decontamination effectiveness values for fireheosing different sur-
faces are selected from the advance solutions of cleaning equations
tabulated in Appendix A of Ref. 6. The trial value Fj(t) found above is
used as a guide in obtaining the effort required for the varicus methecd-
surface combinations. For the physical and radiological environment
indicated by routine 1 and the fallout effects input, the performance
characteristics for decontaminating the power plant complex are shown

in Table 6.

Because the removal due te weathering is so effective on smooth

surfaces; no decontamination will be required on the metal roofs over

the boiler houses and warehouse or on the tops of the variocus water tanks.

The graveled areas around transformer banks and in the switch yard
will be sprayed with firehoses to soak™ the fallout particles and cause
them to penetrate down into the gravel bed where much of the radiation

effects will be shieldeds In the switch yard, washing of the graveled

surface will result indivectly from the hosing of the insulators and other

parts ol the equipment that are adversely affected by long exposure to
dirt. Part of normal plant procedure is to wash down all these fixtures

in the switch yard every month or so. Since the fallout will only aggra-

vate this condition, it is important to plant performance that the switch-

yvard be decontaminated.

The bare ground areas wiit be sprayed with firehoses to prevent the

failout from migrating to clean areas near the buildings.

The sun of the products of the individual effectiveness values, F'k’
J

and cosrresponding contribution fac’ors (from routine 3) for outdoor loca-

tion number 1 is computed frem Eq. {26) of Ref. 2, as shown in Table 6.

ih1s is the new postshelter residual number that will result from

28&

proen

st e\t




caa oy s Lo s Sonei

*ATUuo JULIOYJUVOM 0] ONP SSDUVAIRINATIH
UOTINLIJUOD JUTYSAUS SOopngduUl 3
37 bs 0001 49od anoy wwdl JQ ¢

" .
266°'0 = :o v:&N = mzx
v000 °* oo 01 1 a8t b~g sJooax Toawvad pue auy,
€100 "° 3Lo® § 09 T bs0 v-€ punoald oaaxug
2I00° /800" 0% T 91" -t Taa0IH
a910°0 5689°0 BL*L 1 PSG°0 p=g juswaaed
y Hl : J n
io zf :o xf fa £y " ao8yang
3a0npotd +£03 004 (Jujuiew  sasseq + (£33 000t ITUN JuoW
woyng ~2ax %) Jo /Iy=quoudinby) ~dTndg/uon
=TI IUOY ‘SEOUDAT JO0unN 9JI0FFd O1)10o0dg JO Iaquny
-10017d

SSANAALLOIILT ONISOHAUIL

9 atqud,

T




decontamination. An effective value is then calculated from Eq. (46‘,

where the tatter is altered in the same manner as Sqs. (32) and (42).

Thus
0.052
. = 2 [3 £0.033} +1]
3 1
L o4
= 0.0155.

Since this result is smeller than the trial t .lue estimafed in routine 7,
no extra decontamination passes will be required to impyove effectiveness
raduce f_, the fraction of fallout remaining). The methods selected
R

are assuced to be adequate for the recovery task.

Routine 10: Availlzble Dose

Because RS; < Rsé {t), Eq. {47) of Ref. 2 nust be used to determine

D, the dose available for decontamination. This obviates tha need at

this time for coxputing DS’ the pcstshelter dose.

A

220 - 191
< 29 r.

The product of Do and the number of men {100) give a reserve man dose of
2,900 man-r available for decontamination. The unit man dose equals the

ratio of reserve man dose to the total surface area to be recovered, or

Dq m,
d -’m) = z d
2 S,
3
_ 2906
T 169.2
man-r
- o c °
= 6.3 10° ft‘
30
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This estrmte of the availale unit man dose nust be eguzl tc or
greater than the required unit —an dose dj. This quantity is expressed
in Eg. (3103) of Ref. Z in the saze wxy as d_ (m}, excep: that it is a
function of z2ctueal decoxntasination dose reguired, D;. The calculation
of E; is pot wmade until routine 13. Hoxever, it is possable to ke a

reasonable 2stimeate of § fro:m the approximate expressicon
J

§°/1':'oo = dj/ej,

where - is the unit effort in man-hr/1600 2. This simple relation-
ship arnd the constant of prcoortionality were determined from the cal-
calated results of the shopping center problex of Ref. 2, the recidential
recovery examples of Rei. 5, and an umpublish2d study of an oil refinery
problen. TFigure 6 contains a family of curves based ¢n the above equa-—
tion, showing dj as a function of standard dose rate I° for selected
values of unit recovery effort ej. It is not likely that the unit effort
required to recover the power plant will exceed that required for a
residential area. The upper value of Figure 6 is about 1.2 man-hr/

1000 ftz. The curve for ¢ = 1.2 intersects the 9000 r/tr dose rate line
at a value of dj = 6.4 man r/1000 ftz. Because this wvalue exceeds the
above estimate of d2 (n) by such 2 small amount, the decontanination dose

reserve is considered to be adequate.

Routine 12: Decontamination Times

The elapsed decontamination time consumed by each method nust be

obtained by parts. The fircst parc, operating time &tg‘. is given by
x
£q. (50) of Ref. 2. A solution to this expression is shown in Table 7.

which lists in the last column Atji values for various numbers of equip-

ment units (nozzles). The second part, support time At? is found from

J
Eq. (54) of Ref. 2. Table 8 contains the solution to this equation for

i’
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Ty 4

nereasing nunbers of nerzlies. The last column of the table shows the

totals for the decontasination time period, At_z.
J

\ccondim to reutine 2, the pouer plant has a fire system pumping
capuciiv of 2000 wal/msn.  This will supply water tc 20 nczzles at a
rocormended pressare of 753 1b per sq in. A comparison of the total
docontarianation times given 1n Table 8 indicates that the washing of the
grevel surfaces requires the greatest effert. Assigaing 8 noszles to
thas task reduces the elapsed time to 5.2 hours. Eight more nozzles can
compiete the background and roof ureas in a comparable time span. This
1eaves 4 noz: *«s to decontaminate the paved surfaces in less than 4 hours.
Thus a tetal of 2 nozzles working concurrently can recover the contami-
nated facil:ity and nearby surroundings in 5.3 hours. Therefore decon-
taninataon scart time will be ts = 331 hours Eaccording to Eq. (61\ of

Ref. 2_.

To prevent recontamination of paved surfaces, certain roofs and
aboveground surfaces must be decontaminated at the beginning of the

recovery period, These surfaces are:

¢ Unparapeted portion of roof over control room B.
- Iurbine pedestal for unit No. 4.

° Roof of chlorination house.

. Roof of pump house.

. Roof of o0il house.

Routine 9: Crew Residual Numbers, RNO

All the information required for calcalating RNO values is either
available or readilv derivable from previous routines and initial input
information and data. H any new source contributions develop, all final

values of RNO will contain the basic component {RN2) as expressed by

-




Table &

ELAPSED TI3E FOR DECONTAMINATION

Nuzber of Operating Supgort  Dbecontamination
Equipzent Tice Tize Tire
Urite? he.) \hr.” ‘hr. ) .
u I et it )
Surface £ 7 2f 3z
Pavenent 2 5.6 2.0 7.5
4 2.8 1.0 3.8
6 1.9 0.7 2.6
Gravel 2 18.8 2.0 20.8
4 9.4 1.9 10.4
6 6.3 0.7 7.0
8 4.7 8.5 5.2
Bare ground 2 4.3 1.0 _é;g
IE) 2.2 0.5 2.7
6 1.4 0.5 1.9
Roofs 2 9.2 6.0 15.2
4 4.6 3.0 7.6
6 3.0 2.0 5.0
8 2.3 1.5 3.8

T The underlined deployment of equipment units results in a minium

elapsed decontamination time of 5.3 hours.
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Eq:. Q67) of Ref, 2. ‘'Therefore, the first task is to solve this equation

for each of the four surfaces listed in routine 8.

Because most m2thods operate simultaneously for long periods in
large areas, the altered version of Eq. (67) appYies. No method is
scheduled for more than one pass so the equation will assume the simpli-

fied form.

(RN) = zcx - (1-F) c /2 - (1-F) c /2 .

The various contribution factors. are found from target analysis routine 3 <
and the appropriate equations, :E:C is comparable to the contribution

X
summations made earlier, except that the reference locations and the re-

ceiver heights are not necessarily the same.

The second task is to solve Eq. (69) of Ref. 2 for the depth of new
source deposits. These deposits will be created only on the roof and
paved surfaces. For these two cases the equation gives a new source
depth of X ~ 1/3 cm. Since X < 1.0 cm, Eq. (68) of Ref. 2 will apply
to the calculation of the new source contribution and & final RN2 value.
Table 9 shows the results of the various RN calculations for the four

-

basic surfaces to be decontaminated.

Table 9

DECONTAMINATION CREW RESIDUAL NUMBERS

Basic Final
Component Value of
e New Source .
(RN ) S RN
surface X 2 Contribution 2
Pavement 0,28 0.06 0,34
travel .13 - .43
Have  pround .60 - .60
oot s . 34 .07 .41

36




Routine 14: Dose aid Manpower

According to routine 12, recovery time Atj's'S'héurs. Since ‘this
is less. than 24 hours, the niumber of personnel changes, Npc’ equals the
¥
number of work shifts, Nws' Solving Eq. (77) of Ref. 2 first, the length

of time that any one person can firehose is

29 r .
26 ws 0.60 (6.9) r/hr
where
D?“ = 28 r, available decontamination dose
Ir = 6.9 r/hr when the standard dose rate of 9000 r/hr
is decayed to start time tsg = 331
RN2 = 0,60 for firehosing bare ground.

Since the allowable time interval is longer than the required decontam=
ination period, the dose D2 will not be exceeded and time is not a

critical factor. This will be true for all surfaces because the largest
RN2 value was used in .the above solution of Eq. (77). Since At:J < 8 hr,

only one work shift and one change of personnel will be required.

Equations (1), (24), (48), and (73) of Ref. 2 provide a complete
history of the dose accrued by the decontamination teams., The dose
charges for the various surfaces recovered are shown in the table below,
It is evident from the table that all crew members receive practically
the 'same dose. The average value for DT indicates that the total dose is
is about 44 r below the limiting value of p* = 270 r/month. Thus the
planned Rad/Rec procedure is acceptable as scheduled for a start time of

331 hours and a denial time of 336 hours,

= Nws-l is a more suitable notation, but since Ref. 2 uses

Nws it is repeated here. In this usage a personnel change
c

i8%related to a work shift.

N
N
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Table 10

DOSE CHARGES. FOR VARIOUS SURFACES

kadiation’hxgosurehbogeA(r)

Decontam-

Shelter Anation Post-Shelter Tétal

Surface Period Period Period Exposure
’ .
. D = D

b * Dy * 3 T

Pavement 191 5.0 ‘25 221
Gravel 191 11.6 25 227,6
Bare ground 191 16.2 25 232,2
Roofs 191 9.2 25 225,2
Average dose 226.5

It is evident from -the table that all crew members receive ‘practically
the same dose. The average value for DT ‘ndicates that the total dose
is about 44 r below the limiting value of o* = 270 r/month. Thus the
planned Rad/Rec procedurc is acceptable as scheduled for a start time

of 331 hours and a denial time .of 336 hours.

Because dose has been shown to present no serious problems to the
recovery of the power plant, a manpower allotment can .be made up accord-
ing to the decontamination times and tentative équipment allocation of
routine 12. By using Eqs. (82) and (84) of Ref. 2, the allotment
arrived at is shown in Table 11, The maximum number of workers required
at any one time will also be 70 men since there is only one werk shift,
Inasmuch as the allowable decontamination time was found to be more than
ample, the schedule could be relaxed. That is, fewer men could be used

over longer periods, and this would free additional plant personnel for

38
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‘Table 11
MANPOWER ALLOTMENT. -FOR DECONTAMINATION.

*
Men/Equip Number of Number of Total
ment Unit Equipment Men/ Persohnel Men/

or Téam Units/Method Shift Changes Me thod
m u . m N m
Surface u o ) . pc 31

Pavement 3.5 4 14 1 14

Gravel 3.5 8 28 1 28

Bare ground 3.5 2 1 1 7

Roofs 3.5 6 21 1 21

Total manpower required m = 70

* See footnote, p. 37

regular duty. Even with the short schedule, 30 men are available for

regular plant chores and need not be considered for the recovery oOperation.

Fallout Effects

The D/DC model was applied to two additional fallout situations at
increased standard dose rates of 18.000 and 27,000 r/hr. The l4-day

shelter exit time used previously was rctained. A summary of the results

of these two cases, together with the case presented above, is shown in
Table 12, In addition to the findings determined from the model inputs
and computationsl routines, Table 12 inclvues the cost and effectiveness

measures obtained from Eqs. (88) through (107) of Ref. 2.

It is evident from Table 12 that elapsed decontamination time At ,
available decontamination dose Dz, actual decontamination dose Dé, unit

man dose dj’ unit effort €y water consumption gj, accelerated entry

39




Table 12

COMPARISON OF PERTINENT MODEL PARAMETERS FOR THREE ‘FALLOUT CONDITIONS

Case Number

Units !

Parameters . . Symbol 11 T
Standard dose rate 1° r/hr 9,000 18,000 27,000
Mass loading u g/ft? 100 150 200
shelter adequacy PF for 1 week 123 246 369

PF for decontam-

ination 136 300 300
\vailable decontamination dose b r 29 47 65
Elapsed decontamination time &tj hr 3.8-5.3 1.8-6.4 1.8~6.1
Jecontamination start time ts hr a3 330 330
Manpower regnred “l men 70 70 70
Decontamination dose 02’ r 5/0-16.2  10,1=32,4 15.2-48.6
\verage total dose DT r 226 220 222
\verage conserved dose DC r 44 50 18
Unit man dose dj man~r/1000 ft? 1.214 2,98 1,48
Umit effort ;i nan=-hr/1000 ft? 0.60 0.69 0.69
Water consumption gi gal/ft? 1.05 1,2 1.2
Residual fraction ;' - - 0.073 0.036 0,035
Recovery rate R) 1000 ft?/hr 106 88 88
Accelerated entry Atacc days 13 15 81
Effectiveness-to-cost ratio Atacc/te(max\ 0.48 0.76 0.86
Effectivencss-to-cost ratio DC/DT 0.20 0.23 0.22




Aﬁgcg’ and effectiveness-to-cost ratio Atacc/te(max) all increased with
standard dose rate 1°, Residual fraction FJ and recovery rate'RJ
decreased because of the increase in fallout mass loading. Decontamina-
tion start time moved up ‘since eéxit time~tié was held constant and the
elapsed decontamination time Atj.increasedf The increase in available
decontamination dose D2 with-standard dose rate was caused by an increase
in~5§; Had the ratio of I°/5§ increased with dose rate, then D2 would.
have decreased (as it eventually must for higher and higher valﬁes of 1°).
Since it was possible to increase the effective protection factor ;E
by shortening the length of the work periods devoted to plant operations,
the shelter dose acfually decreased as I° increased. This decreaSe in D1
was offset by an increase in decontamination dose D; and postshelter dose
D3. As a resuit, total dose DT’ conserved dose DC’ and effectiveness~to-
cost ratio DC/DT remained éssentially constant, Were it not for this
capability to’adjust ;;, DT would have increased and the ratio DC/DT would
have decreased. For higher values of I°, conserved dose DC and the ratio

DC/DT must eventually go to zero.

A comparison of the various parameters listed in Table 12 with those
derived in Ref, 2 for the shopping center recovery problem indicates ‘that
the unit costs for recovering the power plant were ‘chigher (refer to values
of dj’ eJ, and g ). This is true because decontamination was restricted
to maggal firehosing methods for the power plant whereas 85 percent of the
shopping center was decontaminated by mechanized methods, There is little
advantage to be gained by the introduction of street sweepers or street
flushers (if available) into the power plant recovery operation, since only
about one-fourth of the total surface area is accessivle to such equipment.
It is inferred, therefore, that by virtue of its ‘physical characteristics,
the power plant was more difficult to recover from the standpoint of higher
unit costs, However, the overall decontamination effectiveness values
(denoted by the average residual fraction ;j) achieved on the power plant

and the shopping center were comparable,

11
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It was demonstrated;earliér'that the EF of 136 calculatéd for Case 1
was based on the Stipulation ithat workers spend no more than 6 hours a :
day at their plant job outside of primary shelter. This reduced the
numbers of jolis that could be manned around the clock from a peace-time
level of 33 to a reduced level of 25. To conserve shelter dose in
Case II so that 02 would still be ample, the work period had to be de-
creased to 2.7 hours, which provided a PF of 300, This meant a further

WA -

reduction in the number of jobs that could be performed to 11. Finally,
in Case III a PF of 500 required that men work only about 1.6 hours a

day, and the number of jobs. performed dropped to 7.

Figure 7 relates these three radiological cases to four levels of
plant operation as a function of the number of j&ﬁs performed versus the
effective protection factor for different 51ze work forces. The upper
curves for 100 men indicate that Cases I and II do not impose any uidue
hardship on plant operations; but operating levels are below -peacetime
standards. In Case I, all 10 plant operators can function with some !

support. Case II coincides with operating level B=~10 operators and no f

support. However, the plant can function with 5 operators (level é).

Therefore, half of the 10 jobs could be assigned to support 5 operators.

The absolute minimum level of operation for this plant is 2 men, 1 in .
each control room. This level is net recommended for protracted periods,

even approaching 2 weeks. Level C, therefore, should be considered the

minimum operating level for radiological situations demanding reduced

1 operations for periods of 1 to 3 weeks.. ‘Case 11I is just above this

limiting level.

Table 12 shows that the number of decontamination personnel remiins

constant at 70 men because 70 men with 20 nozzles use most of the fire

system pumping capacity and no more than one work shift was required
regardless of the standard dose rate. It is of interest to know whether

the vork force could be reduced from 100 to 70 men. Figure 7 contains
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a curve for a 70-man work force. Tﬁg‘i;térsectibns of this éurvé with
Cases I, II, and 11I show that plant opgratiéns would be reduced to. 17,
8, and 5 jobs, respectively. Case 1 cyeates no hardships on operations.
Case II allows for 5 operators with so&e support. Céée I1L is border
line since 70 men can barely furnish the job requireméent of operating
level C. Thus, if standard dose rates are not anticipated to exceed
27,000 r/hr, the’prant‘coéid‘{unction and. recover with a compleﬁent of .

70 able-bodied men. T

Aside from the -capability to increase PF by reducing the level of
plant operations, there are also alternatives open for reducing the num-
ber of men required for the decontamination effort. For example, the
bare ground areas could be omitted from the recovery task because their
contribution to the dose accrued by people engaged in plant operations

in the post shelter period is extremely small.

It should be possible to roughen these bare ground surfaces as part
of the preattack preparation. This could be achieved by scarifying with
agricultural implements or by spreading the surface with the gravel
removed from the roofs. The increased roughness would practically
eliminate the migration of fallout partic¢les from the ground areas to

more sensitive locations near the buildings.

Because of the small radiation contribution from the switch yard,
it may be desirable to reduce the effort cypended in decontaminating that
area. For instance, decreasing the number of nozwles from 8 to 4 (with-
out changing the time interval Atjz) would free 14 men from the recovery
operations. The remaining crews could still hose down the switch yard
equipment, but the washing of the fallout into the gravel bed weculd not
be so effective. Assuming that an additional 7 men are freed from hos-

ing the bare ground surfaces, a total of 49 men would be needed for

decontamination.  The lower curve of Figure 7 shows that 50 men can manage




the power pﬁant for Cases I and II, although: the latter is marginar at
operating. level C. Case III cannot be handled with so few men since it
falls below the éstablished minimum.level of operation, The effects of
these -changes of recovery effort on the postshelter dose‘Da, and hence

total dose DT’ would not be significant.




V  SUMMARY AND CONCLUSIONS

The foregoing describes the application of a previously developed
decontamination and dose control model to the problem of planning and
scheduling the radiological recovery of a representative critical indus-
trial installation, i.e., a steam power plant. The purpose ¢i this study
was to determine the magnitude of recovery operations and the related
planning factors generated by the model under varied rfadiological

conditions,

The model application Yas shown that the Hunters Point power plant
can be successfully recovered and operated, when subjected to a broad
range of fallout dose rates and fallout mass loadings, without exceeding
the total number of men currently employed. Seventy man can decontaminate
13 acres of roofs and grounds in 4 to 6 hours. On completion of decon-
tamination at the end of 14 days, all plant personnel are free to resume
their regular duties--providing no more than about 6 hours per day are
spent outside of the major structural complex the first month after
attack., Without a decontamination effort, denial times would range from

1 month to over 3 months,

\ltlLough the power plant can stay on line with as few as 5 operators
on duty, 10 times as many people are required to distribute the exposure
dose amd to man the minimum decontamination effort, Thus 50 men can
operite and recover the plant if the standard dose rate does not go higher
thm 1S,HQQ r/hr. \ 70-men complement is required when standard dose
rates reach 27,000 r/hr, and 100 men are needed for standard dose rates
noeaeess ot 30,000 r/hr,  With this same number of men the plant can
op=rate on 4 normal evele of three 8<hour shifts until the standard dose

rate excosds Goo e ‘hr,

A7




O i RSO L

In general, the pertinent model parameters tended to increase with
standard dose rate. Exceptions included total dose DT’ conserved dose
Do» and the cost-to<effectiveness ratio DC/DT, which all remained
relatively constant. The last value indicates that plant personnel
would accumulate about 80 percent of the total dose allowed the first
month after attack. Comparison of the various model parameters obtained
in this study with those given in Ref, 2 shows that the unit costs for
recovering the power plant are greater than those found for recovering
the shopping center. Since this difference can be attributed to the fact
that power plant recovery cannot be greatly improved through the use of
mechanized methods, it is considered more difficult to recover than ‘the

shopping ceuter.

It is reconwme .ded that the decontamination and dose control model
be applied to still other essential sites and installations. For
instance, the thin-shell.d buildings characteristic of canneries, salt
works, and sugar refineries would pr.sent a recovery problem very
differont from more heavily shielded structures like power plants. Such
a study would provide additional informstion for determining the effects
of target configuration and structural properties on recovery planning

and scheduling.
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Appendix A

SYMBOL DEFINITIONS

Facility attenuation factor

Target attenuation factor

Maximum decontamination contribution- factor
‘Contribution factor to location j

Contribution factor for surface 'k
Contribution. factor of surface k to location j

. ., th
.Contribution factor for x surface:

Reguired ‘unit man dose (man r/1000. £t*)

Unit man dose (man r/1000 ft?)

Allowable dose (r)

Average conserved dose (r)

Allowable dose at time of shelter emergence (r)
Total dose (r)

Shelter dése (r)

Available decontamination. dose (r)
Decontamination dose (r) |

Available decontamination decse (r)

Reoccupation dose (r)
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DRﬂé Dose rate multiplier at -effective arrival time-
IDRM3# Dose rate multiplier at oné month .
EA
-DRme Dose rate miltiplier at time of emergence g‘
ADRMl Dose rate multiplier for shelter period é %
'QDRMS Dose rate multiplier for reoccupation period % %
ej‘ Specific effort (equiprient hours or ‘team hnurs pér 1000 ft?) ? ;
.1‘ M - - i P
S
‘Ej ‘Operating effort (equipment hours) : P
J/ i
ERD Equivalent residual dose (r) poo
i3
P
e, Unit effort (man-hours/1000 £t?) .
J i
£ Fatigue .multiplier b
Lo
F ‘Residual {raction t
P
F Average residual fraction §
T
Fj Fraction of fallout remaining on surface j i
ﬁj Average fraction remaining at j % ;
ij Removal effectiveness for surface k by method j % k
F'w Weather removal effectiveness at surface j ;
J :
ij Average weathering effectiveness at surface j E
¥ (t) Trial estimate of recovery effectiveness at surface j ©
ﬁj(c) Average trial effectiveness at surface j 3
g Water consumption (gal/ft?) ) ?
) J ;
¥ H
1° Standard dose rate (r/hr at 1 hr) ]
] B |
; Ir Dose rate at decontamination start *ime ; é
: .
: m, Number of men b
] J ;
: 52 ’
; :
E %
i 7
| |
j
E




m Men per shift

) mJl Total men per method
. m Mén‘ﬁer'équipmeﬁt or ‘team
i LB Manpower required
M Fallout ‘mass loading (g/ft?)
'Npc Number of personnel .changes.
Nos Number of work shifts
Pl 'Number of decontamination passes
PF Effective proétection: factor
) PF Minimum protection factor required
4
Rj Recovery rate (1000 ft? hr)
RN2 Decontamination. crew residual number
RN3 Reoccupation residual number
RN:; Effective residual number (period 3)-
’RNé(t)« Trial estimate of RN,
Sj Total surface area
it Surface area per pass
tar ‘Time of falloit arrival (hours after burst)
t; Effective fallout arrival time (hours after burst)
tc Time- of fallout cessation (hours after burst) ;
t, Shelter exit time (hours after burst)

te(max) Maximum shelter exit time, no decontamination

Vv n o

t Decontamination start time (hours after burst)

53




s

ot
ace

At
ot
Ji
At !
JZ
At®
k)

ws

‘Décontamination start time (hours aftér burst).

Accélerated entry time (days)
Recovery time (hours)
Decontamination time (hours)
Operating time (hours)

Support timé (hours)

Maximim work shift time (hours)

Number of equipment units
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Appéndix B

LIST OF EQUATIONS FROM -REFERENCE 2

3
. 14
4 1.33 , ¥ 3
. = 10 SD_ . 20)
Dy pr L DR, 1 (20) A
,g [
, i
t’ = 0.6t +04t . {21) %?‘
a a c : .
? A
1.33 0 I §
= = ;03 - DRM') <1 . 24
Dy oF (3:03 - DR a) 90 r (24) 4
PF = 0,007 1° (3.03 - DRM;)' . (25)
K .-
RN, =3 Co Fo . (26)
k=1 J J o
y C. = A, . (27) y
&= Jk J ‘
R = I-? S . 28 ‘
N3 Jw 3 ( )
K K 1
B f‘: ik 51 > k (20) i
Jw ] Jkw ] J i
1 < ¢ A_  PF, {3
1 1 J ; -
\ = — = Z = =— = -— 1 ’
iry 1. = i X ~ PF. (31) j
T
. v
j b
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f‘j(t)‘ = =

RN, (p) = Eq.(67) +

iJw KJ' (
¥3
v = oA+ 1)
3 3 «\M f
RN’ I® [DRM. +D_ < D
'3 3 1
D* 3¢
, -D
X \t = _—r’—-—-e—
m‘s( ) i® A DRM
3
3Ry’ (¢t
N, (t)

24 + 1
AJ.( f+)
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(32)

(33)

(37)

(42)

(46)

(50)

(54)

(61)

(67)
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\ph P/ (69.y

= 3095 Bl K .
X whp mo
.. D2 .
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m = um . (82)
4 g u
L .
m, = Z m, . (84) :
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